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Abstract

Behavioral traits associated with various forms of psychopathology are conceptualized as
dimensional, varying from those present in a frank disorder to subclinical expression.
Demonstrating links between these behavioral traits and neurobiological indicators, such as brain
structure, provides one form of validation for this view. However, unlike behavioral dimensions
associated with other forms of psychopathology (e.g., autism spectrum disorder, attention deficit
hyperactivity disorder, antisocial disorders), eating disorder traits have not been investigated in this
manner in spite of the potential that such an approach has to elucidate etiological mechanisms.
Therefore, we examined for the first time neural endophenotypes of Anorexia Nervosa and
Bulimia via dimensional traits (measured using the Eating Disorders Inventory-3) in a large
subclinical sample of young adults (n=456 and n=247, respectively; ages=18-22 years) who each
provided a structural magnetic resonance imaging scan. Cortical thickness was quantified at
81,924 vertices across the cortical surface. We found: 1) increasing eating disorder traits correlated
with thinner cortex in the insula and orbitofrontal cortex, among other regions, and 2) using these
regions as seeds, increasing eating disorder trait scores negatively modulated structural covariance
between these seed regions and other cortical regions linked to regulatory and sensorimotor
functions (e.g., frontal and temporal cortices). These findings parallel those found in the clinical
literature (i.e., thinner cortex in these food-related regions in individuals with eating disorders) and
therefore provide evidence supporting the dimensional view of behavioral traits associated with
eating disorders. Extending this approach to genetic and neuroimaging genetics studies holds
promise to inform etiology.
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Introduction

Historically, psychopathology was viewed as a qualitative or categorical difference in the
expression of behavioral symptoms as compared to behaviors found in the general
population. Increasingly however, behavioral traits associated with various forms of
psychopathology are conceptualized to exist along a continuum that varies from clinical
(i.e., the disorder) to subclinical (i.e., normal variation) expression; in other words, a
quantitative difference in behavioral expression (Plomin, Haworth, & Davis, 2009). One
form of validation for this dimensional view of psychopathology is derived from linking
these behaviors with neurobiology, such as brain structure and function. Indeed, several
studies demonstrate parallels between structural brain differences in frank disorders and
neural correlates of subclinical behavioral traits associated with various forms of
psychopathology. For example, neuroanatomical regions associated with social-
communication, such as the posterior superior temporal sulcus, not only differ in their
structural features among individuals with an autism spectrum disorder diagnosis
(pathognomonic with social-communication deficits; American Psychiatric Association,
2013) as compared to typically developing controls (e.g., thinner cortex: Hadjikhani et al.,
2006; Scheel et al., 2011; Wallace et al., 2010), but also these structural features vary in
these same regions as a function of subclinical autistic traits in typically developing
individuals (e.g., increasing autistic traits associated with thinner cortex: Wallace et al.,
2012). Similar patterns have been observed in relation to both clinical and subclinical
expressions of attention-deficit/hyperactivity disorder-related (e.g., Ducharme et al., 2012;
Mous et al., 2017; Narr et al., 2009; Shaw et al., 2007, 2011) and antisocial behaviors (e.g.,
Smaragdi et al., 2017; Wallace et al., 2012, 2014; Yang et al., 2015), for example. However,
these neuroanatomical parallels have been largely ignored for various forms of eating-related
pathology. Anorexia Nervosa and Bulimia are eating disorders with distinct behavioral
expressions (i.e., restricted energy intake in the former vs. binge eating with compensatory
actions such as vomiting or excessive exercise in the latter), but they share a hyperfocus on
body weight and shape that detrimentally impacts self-evaluations (American Psychiatric
Association, 2013). An increasing number of neuroimaging studies have documented brain
structural atypicalities in patients with these eating disorders, particularly anorexia nervosa.
Recurring brain regions implicated in these studies thus far include those associated with
food reward and perception, such as the somatosensory and orbitofrontal cortices, as well as
interoception, such as the insula (for review, see Frank, 2015). Nevertheless, there are
significant impediments to conducting this research with these clinical groups including the
potential influence of common comorbidities (e.g., anxiety disorders) and state-based
confounds (e.g., malnutrition) that interfere with the ability to attribute observed differences
to the presence of an eating disorder. More specifically, state-based differences in the course
of Anorexia Nervosa have been shown to dramatically affect structural brain metrics,
including cortical thickness, with, for example, larger group differences occurring during the
height of the illness and diminished differences occurring after recovery (Bernardoni et al.,
2016; King et al., 2015; Lovagnino et al., 2018). Therefore, utilizing a trait-based approach
to examine the dimensionality of eating disorder behaviors in a sample free from various
forms of psychopathology and the association of these eating behaviors with brain structure
could prove insightful and critically important to elucidating etiological mechanisms. Thus,
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we explore for the first time neural endophenotypes of Anorexia Nervosa and Bulimia traits,
examined continuously, in a large subclinical sample of young adult volunteers.

885 young adult participants (age range=18-22 years) completed two of the Eating Disorder
Inventory-3 (EDI-3; Garner, 2004) subtests (Drive for Thinness [EDIThn] and Bulimia
[EDIBuI]) and provided one anatomic magnetic resonance imaging scan. Scores on EDIThn
ranged from O to 21 and scores on EDIBul ranged from 0 to 24; however, due to skewness in
data, self-ratings of zero were discarded. Furthermore, participants with past or present
DSM-IV psychiatric disorders were excluded (EDIThn group n=92; EDIBul group n=63)
from analyses resulting in 456 psychiatrically healthy participants providing non-zero
EDIThn scores and 247 psychiatrically healthy participants providing non-zero EDIBul
scores. See Table 1 for demographic details on the final samples utilized in analyses.

Magnetic resonance images were acquired on one of two identical 3T GE MR750 Scanners
equipped with an 8-channel head-coil. All T-1 weighted MPRAGE scans passed quality
control standards implemented via blind ratings both pre- and post-processing. The Civet
pipeline from the Montreal Neurological Institute was used to quantify cortical thickness
across 81,924 vertices on the cortical surface. In brief, the Constrained Laplacian Anatomic
Segmentation using Proximity (CLASP) method was utilized to extract gray and white
matter surface meshes (Kim et al., 2005) from which thickness could be calculated in native
space across maximally aligned nodes using surface registration (Lyttelton et al., 2007;
MacDonald et al., 2000). A blurring kernel of 30mm was used to reduce noise in cortical
thickness quantification (Lerch & Evans, 2005).

Statistical analyses were performed using SurfStat (e.g., Taylor & Worsley, 2007) in the
Matlab environment. First, linear associations between thickness across the cortical surface
and both EDIThn and EDIBul, applying family-wise error (FWE) correction procedures to
account for multiple comparisons (FWE-corrected p<.05), were examined using regression
procedures. Second, neuroanatomic regions where significant associations between cortical
thickness and EDI-3 subscores were noted were utilized as seeds. Then, structural
covariance between cortical thickness in each seed region and thickness in all other vertices
across the cortical surface was examined as a function of EDIThn or EDIBul scores using
linear regression. In other words, we examined whether EDI-3 subscores significantly
modulated intra-cortical correlations using the Mapping Anatomical Correlations Across
Cerebral Cortex (MACACC) procedure (Lerch et al., 2006). Once again, FWE correction
procedures were implemented to account for multiple comparisons (FWE-corrected p<.05).

All participants provided informed consent. Furthermore, this study was approved by the
local institutional research ethics committee and was completed in accordance with the
ethical standards delineated in the 1964 Declaration of Helsinki.

Self-ratings of both EDIThn and EDIBul were negatively correlated with thickness in
orbitofrontal and insular cortices, while EDIBul scores were further negatively correlated
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with somatosensory cortical thickness (FWE-corrected ps<.05). Utilizing these regions as
seeds, we also found that both EDIThn and EDIBul ratings negatively modulated (i.e.,
weakened) the positive relationship between thickness in these regions and thickness in
other cortical regions (e.g., left prefrontal and right temporoparietal regions for EDIThn and
bilateral cingulate and sensorimotor cortices for EDIBul; FWE-corrected 5<.05). See
Figures 1 and 2 for correlations between EDI-3 subscores and cortical thickness, and for
modulations of intra-cortical correlations by EDI-3 subscores. Notably, significant
interactions with sex were not observed for EDIThn and were minimal for EDIBul,
occurring in two very small brain regions that did not overlap with the regions implicated
above.

Discussion

The current study provides neurobiological evidence for the dimensional view of behaviors
associated with eating disorders by linking variation in cortical structure with subclinical
eating disorder traits for the first time. More specifically, self-ratings of Anorexia Nervosa
and Bulimia traits were negatively correlated with thickness in distinct cortical regions (e.g.,
orbitofrontal cortex and insula) that are crucial to food perception, reward, and interoception
(Frank, 2015; Rolls, 2015). Furthermore, greater endorsement of these traits negatively
modulated anatomical covariance between these regions and other cortical areas, including
those serving regulatory and sensorimotor functions, paralleling studies documenting
atypical functional connectivity of these regions in eating disorders (Gaudio, Wiemerslage,
Brooks, & Schiéth, 2016). Therefore, not only does cortical thickness in select regions
reflect ratings of behaviors related to eating disorders, but also the relationships among these
and other functionally integrated brain regions are modulated by the level of these eating
disorder-related behaviors. These findings complement the clinical literature reporting group
differences in brain structure among individuals with eating disorders (Frank, 2015) by
implicating an overlapping set of regions (e.g., orbitofrontal, insula, and somatosensory
cortices) as associated with subclinical eating disorder traits. However, it does so in the
absence of at least one potentially significant confound (i.e., psychiatric comorbidity). Thus,
not only does linking regionally-specific brain structure to eating disorder-related behavioral
traits validate viewing these behaviors dimensionally, but also it joins similar approaches to
other forms of psychopathology (e.g., autism spectrum disorder: Wallace et al., 2012;
attention deficit/hyperactivity disorder: Ducharme et al., 2012; Mous et al., 2017; Shaw et
al., 2011; and antisocial behavior: Yang et al., 2015) consistent with broader
conceptualizations linking behavior and biology, such as the Research Domain Criteria
(Insel et al., 2010). More to the point, parallels drawn between our subclinical behavior-
structural brain associations and the previously established clinical group differences (Frank,
2015) provide additional evidence that these neural signatures have the potential to serve as
informative endophenotypes for future genetic studies that require large samples.
Nevertheless, although these findings are novel, limitations to the current study should be
considered. For example, the present study included a relatively large sample size for a
neuroimaging study; however, replication is required, particularly across a broader age range
that extends into adolescence given the prototypical emergence of Anorexia Nervosa and
Bulimia during this developmental window. Similarly, longitudinal studies are needed given
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the well-established dynamic nature of brain development across the lifespan (e.g., Fjell et
al., 2014; Raznahan et al., 2011) and an emerging trend of developmentally dynamic
findings within the brain imaging literature on eating disorders (e.g., Cyr et al., 2017).
Finally, it is important to point out that although the EDI-3 is touted as a trait-based
measure, state-based influences on ratings cannot be ruled out (Cyr et al., 2017; Treadway &
Leonard, 2016). Only through longitudinal designs can the potential for confounding state-
based impacts be rigorously evaluated and potentially teased apart from stable, behavioral
trait-based influences.
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Figurel.
Family wise error-corrected associations between EDI-3 Drive for Thinness (EDIThn)

scores and cortical thickness/intracortical correlations: (A) negative correlation between
EDIThn and cortical thickness in right orbitofrontal cortex (x=33, y=10, z=-15) and (B) its
associated scatterplot; (C) group differences between low- and high-EDIThn scorers in
intracortical correlations between right orbitofrontal cortex (see Figure 1A) and the rest of
cortex and (D) a sample scatterplot of the relationship between right orbitofrontal cortex
thickness (see Figure 1A) and right somatosensory cortex thickness (Figure 1C, seed 2;
x=45, y=-24, z=44) as a function of low- and high-EDIThn scorers.
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Figure 2.

Family wise error-corrected associations between EDI-3 Bulimia (EDIBul) scores and
cortical thickness/intracortical correlations: (A) negative correlation between EDIBul and
cortical thickness in bilateral insula and orbitofrontal cortices as well as left somatosensory
and inferior parietal cortices and (B) a sample scatterplot of the relationship between
EDIBul scores and cortical thickness from Figure 2A, seed 5 (x=29, y=22, z=-24); (C)
group differences between low- and high-EDIBul scorers in intracortical correlations
between left posterior insula (see Figure 2A, seed 1; x=-42, y=-6, z=—14) and the rest of
cortex and (D) a sample scatterplot of the relationship between cortical thickness in Figure
2A, seed 1 and Figure 2C, seed 9 (x=38, y=-8, z=-9) as a function of low- and high-EDIBul
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scorers; (E) group differences between low- and high-EDIBul scorers in intracortical
correlations between right anterior insula (see Figure 2A, seed 4; x=30, y=22, z=9) and left
sensorimotor cortex thickness (x=-45, y=-7, z=58); (F) group differences between low- and
high-EDIBuI scorers in intracortical correlations between right lateral orbitofrontal (see
Figure 2A, seed 5) and right inferior orbitofrontal cortex thickness (x=28, y=23, z=-24); (G)
group differences between low- and high-EDIBul scorers in intracortical correlations
between left orbitofrontal cortex (see Figure 2A, seed 6; x=—26, y=23, z=—-23) and each of
the following: right anterior prefrontal cortex (seed 12; x=14, y=63, z=-9), left orbitofrontal
cortex (seed 13; x=—-18, y=38, z=—22), left precuneus (seed 14; x=3, y=—64, z=27).
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Table 1.

Demographic characteristics of study participants.

Final EDIThn Sample
(n=456)

Final EDIBul Sample
(n=247)

Mean Age (SD) 19.58 (1.21) 19.43 (1.23)
Sex Ratio (M:F) 143:313 78:169
Race (Wh:AfAm:As:Oth) | 206:57:138:55 117:25:84:21

Note: EDIThn=Eating Disorder Inventory-3 Drive for Thinness; EDIBul= Eating Disorder Inventory-3 Bulimia; SD=standard deviation; M=Male;

F=Female; Wh=White; AfAm=African-American; As=Asian; Oth=Other
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